MATERIALS AND METHODS
The proposed computational framework takes into account two main steps in order to simulate the whole work flow (represented in Fig. 1 ) characterizing the stent design forming and its implant: 1) creation of 3D parametric finite element (FE) model of a laser-cut stent and expansion of the laser cut stent before heat treatment; 2) crimping/bending of the expanded stent mimicking the stent insertion by the delivery system and gradual deployment of the stent within the curved vessel.
Figure 1. Workflow of stent design forming and implant
Within the computational framework, pyFormex is used to create directly the input files for the FE solver (ABAQUS). In the first step, the stent model is created in pyFormex, which allows for an easy definition of a parametric mesh accounting for several stent features (i.e. stent radius, stent length, number of rings, number of bridges, strut thickness, etc.). The stent mesh is combined with a cylinder mimicking the rigid expander leading from laser-cut to Nitinol is considered as an elasto-plastic material [11] . Subsequently to perform step 2, the obtained expanded mesh is imported and combined with the catheter and vessel mesh. For this step, Nitinol super-elastic behavior is taken into account [12] . Moreover vessel tissue is modeled as an isotropic hyperelastic material.
RESULTS AND DISCUSSION
For demonstration purposes, the present study shows the application of the computational platform to a stent design with an outer diameter of 1.46 mm (in laser-cut configuration), 12 V struts, 6 rings and 6 bridges connecting the rings (see Fig. 2a ). The stent mesh consists of 50544 C3D8R elements and the expander mesh of 800 SFM3D4R elements. The simulation performed in step 1 provides the expanded stent configuration as shown in Fig. 2b . Using pyFormex, the free expanded stent mesh is subsequently combined with (i) a rigid cylinder mesh mimicking the delivery system and (ii) the vessel (see Fig. 3a) . In a first stage, the device structure is crimped and bent accomplishing the curved configuration of the vessel. It has an inner diameter of 4 mm and is meshed with 4320 C3D8R elements (see Fig. 3b ); in this first part of the simulation the contact between the stent-delivery system and the vessel is deactivated. In a second stage, the contact between the stent-delivery system and the vessel is activated while the contact between the delivery system is gradually deactivated in order to realistically simulate the stent expansion during its deployment (see Fig. 4a ) and the subsequent complete stent apposition to the vessel wall (see Fig. 4b ). 
CONCLUSIONS
Computer modeling can play an important role in the design of medical devices and in the investigation of their mechanics. In the present study, a computational framework to numerically investigate the forming and implant of Nitinol laser-cut stents is presented. This study can represent a solid base for further parametric studies. Further investigation can include the combination of the developed computational framework with a patient-specific vessel model.
